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Fertile eggs of White Leghorn chickens were injected
with 0.9 cc of 1 mg/ml solutions of L-azetidine-2-carboxylic
acid through the air sacs after 24 hr of incubation. The
embryos were sacrificed on days 2-19 and analyzed grossly
on the basis of (1) viability, and (2) the number and types
of malformations produced. Malformations produced were
hemorrhaging of the visceral regions, limb buds, and cranio¬
cervical regions; edema, brain protrusion, dwarfism, and
feather inhibition. Some of the malformations were visible
from day 6 of incubation following the administration of
L-azetidine-2-carboxylic acid, although dwarfism and feather
inhibition were visible from day 10 of incubation. Embryos
sectioned for histological observations were stained with
silver for visualization of the Golgi. The azetidine
iii
treated embryos showed a preponderance, of silver
concentration in the inner vacuolated notochordal cells
as the age of the embryo increased. Some loss in the
integrity of the collagenous notochordal sheath and
mesenchymal fibers was noted in the treated embryos.
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The compound L-azetidine-2-carboxylic acid (LACA) is
a homolog of proline. This compound was first isolated by
Fowden (1956). It is a new cyclic imino acid that occurs
in many plant seeds and leaves, especially among the families
of Liliaceae and the Agavoceae. It also forms part of
penicillin V. The LACA occurs naturally and has the following
derivatives: 5-dehydro-L-pipecolic acid and 4-hydroxy-L-
proline. This new compound has not been widely used; however,
some investigators have reported its effects on plants and
animals, such as Fowden (1963) who reported LACA as a growth
inhibitor in both E. coli and seedlings of mung bean
(Phaseolus aureus). It has been demonstrated by many other
investigators to inhibit the synthesis of collagen in a
developing chick embryo (Lane et al. 1971a). Other effects
of LACA include failure of collagen excretion into the pri¬
mary stroma of the cornea, fragility of bone in the developing
chick embryos (Lane et al., 1971b), and a failure of cells
to excrete collagen (Takeuchi et al., 1969).
The collagen which is excreted by the Golgi apparatus
is in the form of tropocollagen which complexes to produce
fibrils, libers, connective tissues such as cartilage, bone,
tendon, etc. But alter injection of the developing chick
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embryo with LACA, it was observed that the collagen failed
to be excreted (Fowden, 1963; Lane et al., 1971a; Coulombre
and Coulombre, 1972). This strongly suggested, that LACA
had an adverse effect on Golgi apparatus in some ways.
The present investigation, therefore, has as its
objective to study the effects of LACA on the Golgi appara¬
tus in the notochord of developing chick embryos, since
the Golgi apparatus is involved in collagen excretion from
the cell. The observations reported have not settled the
question as to the mechanism by which LACA becomes inhibitory
in collagen excretion by the Golgi. They do, however, sup¬
port the fact that LACA is inhibitory and disrupts develop¬
ment of chick embryos.
CHAPTER II
REVIEW OF LITERATURE
L-azetidine-2-carboxylic acid (LACA) was isolated from
a plant, Convallaria majalis ("Lily of the Valley"). Two
methods were used, one starting from r-amino-butyric acid
and the other from r-diamino butyric acid. This plant
belongs to family Liliaceae (Fowden, 1956). The azetidine-
2-carboxylic acid is found among the many plants of families
Liliaceae and Agavaceae. After the isolation of L-azetidine-
2-carboxylic, Fowden (1963) reported that this chemical was
a growth inhibitor. The chemical inhibits growth in E.
coll and the seedlings of Phaseolus aureus (mung bean).
Using cultures of mouse limb buds for a period of 2 to
9 days Aydelotte (1971) found that LACA interferes with the
normal development of cartilage. Having LACA in concentra¬
tions ranging from 10 to 200 ug/ml medium, he was able to
note a delay of chondrogenesis and the formation of cartilage
matrix which were both grossly and microscopically abnormal.
The cartilage rudiments in LACA-treated cultures appeared
swollen, rounded and less compact. Histologically, the
cells of the LACA-treated cartilage were observed to often
be fibroblast-like and widely separated, and the surrounding
matrix was not homogeneous but granular or patchy. He
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therefore concluded that LACA incorporates into protein in
place of proline thereby resulting in the development of
abnormal collagen and defective cartilage matrix.
In another study with chick limb buds which was cul¬
tured for the period of 2 to 14 days the growth of the en¬
tire limb bud was inhibited by LACA, as was demonstrated
by Aydelotte and Kochhar (1972). It was also observed that
chondrogenesis was delayed and the cartilage which
subsequently appeared became swollen, soft and malformed.
Histologically, the matrix of the treated cartilage appeared
almost unstained. But the growth and development of the
limb buds was normal when adequate L-proline was added to
the medium along with the analog or when D-a2;etidine-2-
carboxylic acid was used as the control. They further
demonstrated that the LACA treated cultures, when removed
from the analog and placed on a proline-rich medium, showed
rapid recovery of the cartilage to normal within 48 hr. It
was concluded from this study that LACA inhibits the
secretion of normal collagen.
The study on 7-day limb bone rudiments by Reynolds
(1965) showed that vitamin's ability to completely prevent
the terminal water logging which is usually observed in
plants grown in chemically defined medium. It was further
observed that the rudiments attained a higher dry weight and
a lower wet weight than untreated controls. Part of the
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increased dry weight was observed to be due to a greatly
stimulated accumulation of collagen.
By using 7-day chick embryos O'Dell (1966) observed
that in the presence of collagenase, both the limb bone
rudiments and the mandibular cartilage became bent and
very soft. Histological examinations showed that the
rudiments which were exposed to the highest concentrations
for 4-days the cartilage matrix was disappearing. The
collagenase also altered the organization of the perichon¬
dral connective tissue, which lost its characteristic layer
and became an amorphous mass of unoriented rounded falling
away.
By injecting LACA into the chorioallentoic vein of
chick embryos at 5 days incubation, silver free (collagen
free) patches appeared under the epithelium, Coulombre and
Coulombre (1971). Further detailed studies showed that
there were lesions produced in the primary corneal stroma.
Coulombre and Coulombre (1972) demonstrated that ad¬
ministration of LACA to growing chick embryos caused Golgi
apparatus not to stain with silver. The Golgi apparatus of
the basal cells of the epithelitim remained silver negative
until about 12-16 hr when they once again became argyrophi-
lic (staining with silver salts). They also observed that
in the LACA-produced lesion only sparse and randomly oriented
birefringent fibers were seen.
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By 17 days incubation the lesions, had become filled
with collagen fibers, but when D-azetidine-2-carboxylic
acid (DACA) was used the Golgi apparatus of the basal cells
of the corneal epithelium stained normally at all times
after injection. The collagen pattern was the same as seen
in untreated specimens of comparable ages and did not show
lesions as seen in the animals injected with LACA. Animals
injected with both LACA and L-proline were killed and their
corneas examined, but no damage was seen. The silver-
stained Golgi apparatus and the stromal collagen patterns
were indistinguishable from those of untreated animals.
Using other chemicals such as ^H-proline, -dipyridyl
or cis-hydroxy-proline, which are known to inhibit collagen
production, Zamoraeva et al. (1970) observed notochords of
12-72 hr chick embryos were rod-shaped and completely devoid
of extracellular materials. The peripheral migration of
notochordal cells, some assuming a fibroblastic appearance
were observed along with a heavy general label over the
notochordal cells. The evidence indicated that the noto¬
chordal epithelium possessed a capacity for the production
of extracellular connective tissue fibrils which are asso¬
ciated with a proline containing notochordal secretions.
This secretion can be markedly decreased by specific
collagen-inhibitors.
A strong inhibition of the incorporation of proline-C^*^
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into proteins of cartilage tissue by LACA, and inhibitory
action of the analogue was found to be increased with an
increase in the period of its incubation with the tissue
(Zamaraeva et al., 1969). The determination of the
radioactivity of hydroxyproline showed that collagen syn¬
thesis was depressed by LACA. But they observed that LACA
has a less marked inhibitory action on incorporation of
glycine-Cl4 into the proteins of cartilage tissues. After
the incubation of the tissue of the chick embryos with the
analogue for 5-7 hr, they observed strong inhibition of
the protein synthesis. From their experimental studies they
concluded that proline-C^^ and glucose-C^'^ have no effect
on the synthesis of collagen on the developing chick embryo,
but LACA was found to have great effect on the collagen
synthesis.
The inhibition of growth by LACA was also demonstrated
by Dancewicz and Altman (1967) by incubating a nine-day-old
granulomas with LACA, the LACA prevented the activity. The
activity was also severely prevented when the concentration
of LACA was increased, resulting in the conclusion that
LACA interferes with collagen synthesis.
The synthesis of collagen can be interrupted after the
assembly of proline-rich and lysine-rich polypeptide chains
protocollagen, by incubating connective tissues anaerobically.
Cooper and Prockop (1969). Under these conditions the
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prollne and lysine residues in protocollagen are not
hydroxylated to hydroxyproline and hydroxylysine, and
protocollagen molecules accumulate intracellularly. They
further demonstrated the reverse of the inhibition of the
protocollagen hydroxylase by exposing the tissue to oxygen.
It was observed that the accumulated protocollagen-%, was
converted to collagen-^H, and there was a rapid transfer of
label from the ground cytoplasm to the extracellular matrix.
There was no significant change in distribution of label
over either the golgi vacuoles or the cisternae of the
endoplr.smic reticulum. They stated that the failure to
find a significant change in the distribution of label over
the golgi vacuoles or the cisternae did not exclude the
possibility that two compartments are involved in the
extrusion. This study was done by using 10-day chick
embryos.
The abnormal polypeptides that were synthesized in the
presence of LACA failed to be extruded into the extracellular
matrix, rather they were retained intracellularly as was
demonstrated by Takeuchi et al. (1969). The reason why the
collagen containing the analogue was not extruded was due to
a decreased content of hydroxyproline as well as a decreased
content of hydroxylysine. The inhibition of E. coli's growth
by LACA was also demonstrated by Takeuchi and Prockop (1969).
They found that as a result of this inhibition the protocol¬
lagen that was synthesized differed kinetically from the
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normal protocollagen that was incubated with protocollagen
proline hydroxylase. It was also noted that LACA incorporated
into an abnormal protocollagen which was subsequently
converted to an abnormal collagen.
By addition ofC-amino isobutyric acid, hydroxyproline
and LACA to the incubation medium, Finerman and Rosenbert
(1967) was able to note a marked decrease in the rates of
proline incorporation into protein and collagen. It was
concluded from this experiment, using rat tissue, that the
alterations in intracellular proline concentration reduced
either by varying extracellular proline concentrations or
by inhibiting uptake of proline into the intracellular pool,
contributed to the change in the regulation of collagen
synthesis.
Lane et al. (1971b) noted the increase of collagen
degradation and the fragility of the embryos when the proline
analogue, azetidine-2-carboxylic acid was administered.
They did this by treating chick embryos from day 8 to day 12
with 500 ug per day. When the collagen of the treated
chick embryos was studied by electron microscopy, cross-
striations were seen in tendon fibrils. Analyzing the amino
acid of the tendon revealed that the decrease in cross-
striated fibrils was due to the decrease in the collagen
content of the tissue. When acidsoluble collagen was
isolated from the treated embryos, results showed this
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collagen to have essentially the same amino acid composition
as normal collagen, the exception being that the collagen
under study contained 4 residues of azetidine-2-carboxylic
.acid per 1000 residues of amino acid. The results of
their investigation did not settle the question of whether
collagen containing L-azetidine-2-carboxylic acid was
extruded from cells at a decreased rate due to the presence
of the analogue or because of other changes:-in the molecule.
However, the observations emphasized the fact that incor¬
poration of proline analogue into collagen produced relative
changes in the structure of the molecule, and that these
changes have marked effects on the overall rate by which
collagen fibrils were deposited in the extracellular matrix.
In other studies by Lane et al. (1971a), in which 1-5-
day-old chick embryos were used, LACA arrested the accumula¬
tion of collagen in the embryos. The effect on collagen
accumulation was observed to be more marked than any effect
on weight of non-collagen proteins and there wasn’t any
evidence of non-specific toxicity. The decrease in collagen
content was accompanied by a marked increase in the fra¬
gility of embryos. It was therefore suggested from the
results that the decrease*in collagen content of the em¬
bryos was due to the intracellular synthesis of a collagen
which contained the analogue and therefore could not be
extruded at a normal rate. It was also observed that after
11
the.cells had accumulated a large pool of analogue contain¬
ing collagen they reach a new steady state in which both




Fertile eggs of White Leghorn chickens were incubated
in a humid atmosphere 37°C. Prior to incubation the eggs
were swabbed with 70% ethyl alcohol. Control and experi¬
mental series were established to demonstrate the effects
of L-azetidine-2-carboxylic acid (obtained from ICN,
Cleveland, Ohio) on chick embryo development.
Before injecting the eggs, L-azetidine-2-carboxylic
acid (LACA) was prepared by putting 0.1 gra in 100 ml of
0.85% sterile saline in a flask and mixing until the LACA
was dissolved. The eggs were injected 12 and 24 hr alter
incubation. The initial dosage was 0.1 cc for both
experimentals and controls, and was continued in the fol¬
lowing series: 0.2 cc, 0.3 cc, 0.4 cc, 0.5 cc, 0.6 cc,
0.7 cc, 0.8 cc, and 0,9 cc for both. A total of 2,400
experimental and 1,600 control eggs was used. The eggs
were opened for examination at various time intervals (2 -
19 days lor gross observations and 2-4 days for histolo¬
gical examination) and the embryos were examined under a
dissecting microscope. Photographs were taken of isolated
whole experimental and control embryos at the various stages




For the histological studies the embryos were fixed in
a solution that contained 85 ml H2O, 15 ml formalin, and 2 g
of silver nitrate. After briefly rinsing in distilled H2O,
they were developed for 2 hr in a solution of 2 g-of
hydroquinone prepared in 15% formalin. They were returned
to 10% formalin for 24 hr to complete fixation, briefly
washed in running H2O, dehydrated in alcohol and treated
in 50/50 alcohol-formalin, formalin, formalin-paraffin
and absolute paraffin. The tissues were embedded in hard
paraffin and sectioned on a rotary microtome. The sections
were placed on slides and laid on a warming table to dry.
Subsequently, the paraffin was removed with xylene, and
the tissues mounted in Kleermount. Photomicrographs were
taken of selected sections using either a Balplan or
American Optical Dual-Viewing Compound microscope with
35 mm or Polaroid camera.
CHAPTER IV
EXPERIMENTAL OBSERVATIONS
The results obtained from exposing chick embryos to
L-azetidine-2-carboxylic acid are being reported under
preliminary studies, macroscopical, and light microscopic
observations.
Preliminary Studies
The control embryos studied in this section generally
survived all of the different dosages of 0.85% saline in¬
jected (0.1 - 0.9 cc). This included preincubation in¬
jections, as well as injections after 12 and 24 hr. Occa¬
sional malformations were observed; however, the ninnber was
negligible (less than 2 - 3%). These observations have been
summarized in Table 1. When L-azetidine-2-carboxylic acid
(LACA) was injected in similar amounts (0.1 - 0.9 cc) into
pre- and post-incubation (12 or;_24 hr) embryos, a different
picture prevailed. At the lower dosages (0.1 - 0.4 cc) in
embryos injected prior to incubation or 12 hr post-incuba¬
tion, the percentage of normal embryos was relatively high
(about 33%). The prominent malformations were edema, hemor-
rage and brain protrusion. ■ The embryos injected after 24 hr
received dosages of LACA ranging from 0.5 - 0.9 cc. In
these, the percentage of normal embryos ranged from about
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Table 1. Preliminary stucfy of saline (0.85%) injected control enbryos.















O.lcc 2-day 163 146 - - - - - -
12 hr 0.2cc 4-day 160 140 138 - 1 2 - -
0.3cc 6-day 160 141 140 - - 1 - -
0.4cc 8-day 151 139 138 1 - - - -
0.5cc 10-day 162 148 146 1 1 2 - -
24 hr 0.6cc 12-day 160 144 142 - 2 - _ -
0.7cc 14-day 240 205 220 1 1 - - 1
0.8cc 16-day 240 205 203 1 2 - 2
0.9cc^ 19-day 241 207 205 1 2 1 2 1
^Dosage that was used in all the following injections.
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33% for the 0.5 cc group to 1-2% for the 0.9 cc group. The
total number of malformations for all types increased sig¬
nificantly. In addition to the malformations observed for
the prerrincubation and 12 hr post-incubation embryos cited
above, dwarfism and feather inhibition were observed in
approximately 50% of the viable embryos. Data from the
LACA-treated embryos are detailed in Table 2.
Macroscopical Observations
Following the preliminary investigations, 0.9 cc of
1 mg/ir.l LACA was injected into all subsequent experimental
embryos after 24 hr incubation. Examinations were made on
2-19-day-old embryos. Control embryos received 0.9 cc of
0.85% saline after 24 hr and were examined over a similar
span of time. A look at Table 3, in which these data are
summarized, will show that the number and percentage of
normal embryos in the LACA treated group decreased steadily
from about 100% of the viable embryos examined after 2 days
to 2% for those examined after 19 days. The types of mal¬
formations increased significantly in those embryos examined
after 10 days, peaking in ones studied after 14 days. Again,
the prominent morphological alterations were edema, hemor¬
rhage, brain protrusion, dwarfism and feather inhibition.
There wasn't any difference in the quality or quantity of
response in LACA treated embryos receiving the same dosage






















Incu. 0. Icc 2-day 150 139 8 52 1. —
12 hr- 0.2cc 4-day 160 140 9 61 - - - - -
12 hr 0.3cc 6-day 160 132 9 43 - 29 39 - -
12 hr 0.4cc 8-day 160 138 9 49 86 89 88 - -
24 hr 0.5cc 10-day 160 143 7 52 88 90 91 91 80
24 hr 0.6cc 12-day 150 132 7 33 96 96 90 , 99 82
24 hr 0.7cc 14-day 240 200 16 10 176 187 112 190 100
24 hr 0.8cc 16-day 231 199 14 9 189 188 146 190 100
24 hr 0.9cc 19-day 240 199 16 4 189 188 145 194 102
Ihe concentration that was used in all injections was 1 ng/ml.
Dosage that was used in all subsequent injections was 0.9 cc.
Table 3. Effects of ejqposxire of chidcen errbryos to L-azetidine-2-carboxylic acid (lACA) at
various stages of development.









24 hr 0.85% 0.9cc 2-day 221 214 1 214 - - - - -
24 hr 0.85% 0.9cc 4-day 183 175 1 175 - - - - -
24 hr 0.85% 0.9cc 6-day 174 164 4 163 - 1 - - -
24 hr 0. 85% 0.9cc 8-day 163 153 2 150 - 2 1 - -
24 hr 0. 85% 0.9cc 10-day 171 156 3 148 1 1 1 2 1
24 hr 0.85% 0.9cc 12-day 163 149 4 147 - 2 - 1 1
24 hr 0. 85% 0.9cc 14-day 241 215 10 210 1 3 1 - -
24 hr b. 85% 0.9cc 16-day 235 210 10 207 2 1 - - -
24 hr 0. 85% 0.9cc 19-day 248 216 12 212 2 1 1 1 1
Table 3. Con't
Age at Treat- Dosage Age No. No. Viable No. Dead No. Noim IVpes of Malformations




24 hr Irag/ml 0.9cc 2-day 159 148 4 148 - - - - -
24 hr Img/ml 0.9cc 4-day 170 156 8 64 - - - - -
24 hr Img/ml 0.9cc 6-day 169 154 7 49 - 39 26 25 -
24 hr Img/ml 0,9cc 8-day 166 149 9 47 68 87 49 45 -
24 hr Img/ml 0.9cc 10-day 160 143 7 45 99 101 91 91 80
24 hr Img/ml 0.9cc 12-day 145 136 8 25 104 108 90 92 87
24 hr Img/ml 0.9cc 14-day 238 198 16 10 136 139 88 99 100
24 hr Img/ml 0.9cc 16-day 237 196 14 10 140 134 106 104 101
24 hr Img/ml 0.9cc 19-day 241 198 18 6 138 140 108 108 106
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but examined on the 14th, 16th, or 19th day after incubation.
There was an appreciable increase in the number of non-via-
ble embryos for these days when compared to ones examined
on days 2-12 (averaging 16. and 8, respectively).
Of the abnormalities observed in LACA treated embryos,
dwarfism and brain distortion (Fig. 1) were prominent,
increasing steadily from day 6 to day 14 or 15. Hemorrhage
of the viscera (Fig. 2), swelling of the cranial area and
shortened limb-buds (Fig. 3) were also noted. Figures 4-6
further detail these alterations in the morphology of the
treated embryos. Feather inhibition and hemorrhaging in the
cervical region occurred (Figs. 7,8); however, occasionally
the hemorrhaging extended into the limb area (Figs. 9,10).
Some embryos were highly fragile (Figs.-11, 12) and could
not be held normally for viewing. In those embryos where
feather inhibition was prominent (Figs. 13,14), the epidermis
appeared rough. Growth retardation also occurred in many of
these embryos.
Light Microscopic Observations
A histological examination of embryos was conducted to
ascertain primarily the Golgi apparatus in cells of the
notochord and surrounding mesenchyme. Control embryos of
48 hr show dark staining silver deposits, representing the
Golgi complex, to be prominent in the peripheral cells of
Fig. 1
Fig. 2
. Photograph of 6-day-old embryos: A-Control
embryo. B-0.8 cc LACA-treated embryo
showing dwarfism and some brain distortion
(arrow).
Photograph of 7-day-old embryos: A-0.8 cc
LACA-treated embryo showing hemorrhage in
visceral organs (v) and shortened limb buds
(b). B-Control embryo.
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Fig. 3. Photograph of 8-day-old embryos; A-0.8 cc
LACA-treated embryo showing swelling along
cranial axis (arrows) and dwarfness.
B-Control embryo.
Fig. 4. Photograph of 10-day-old embryos: B-0.8 cc
LACA-treated embryo showing twisted vertebral
axis (arrow) and dwarfness. A-Control embryo.
 
Fig. 5. Photograph of 10-day-old embryos: B-0.9 cc
LACA-treated embryo showing protrusion of
craniocerebral region (arrow), hemorrhaging
condition in viscera (v) and dwarfness.
A-Control embryo.
Fig. 6. Photograph of 10-day-old embryos: B-0.9 cc
LACA-treated embryo showing protrusion of
craniocerebral region (c) and shortened limbs
(b) and dwarfness. A-control gmbryo.
 
Fig. 7. Photograph of 14-day-old control embryo.
Fig. 8. Photograph of 14-day-old experimental embryo:
0.9 cc LACA-treated embryo showing hemorrhaging
along the neck (arrow), shortened upper
extremities (x) and suppression of feather
formation.
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Fig. 9. Photograph of 15-day-old experimental embryo:
0.7 cc LACA-treated showing hemorrhaging along
the neck (arrow) and limbs (x) plus feather
suppression and dwarfness.
Fig. 10. Photograph of 15-day-old control embryo.
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Fig, 11. Photograph of 16-day-old embryo: 0.7 cc
LACA-treated embryo showing dwarfness and
suppression of feather development. Entire
body of embryo was fragile and could not
be propped up for viewing.
Fig. 12. Photograph of 16-day-old control embryo.
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Fig. 13. Photograph of 18-day-old embryo: 0.9 cc
LACA-treated embryo showing hemorrhaging
in the eye (e), suppression of feather
formation over entire body and dwarfness.
Fig. 14. Photograph of 18-day-old control embryo.
27
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the notochord (Figs. 15,16). A sparse staining is localized
in the central vacuolated cells. Embryos that had received
0.6 cc of LACA (Fig. 17) and studied at 48 hr showed a high
accumulation of the silver stain in the vacuolated cells of
the notochord. However, the stain was not as prominent in
the notochordal cells of embryos receiving 0.9 cc of LACA
(Fig. 18. There was an apparent "disappearance" of the
stain in the vacuolated cells and a heavy localization in
the peripheral one, at the juncture of the notochordal sheath.
The 72 hr control embryos showed a similar distribution
of silver staining to those of 48 hr (Figs. 19, 20). Golgi
areas were concentrated in the peripheral notochordal cells,
and widely dispersed in the vacuolated cells. In those
embryos receiving 0.9 cc of LACA, however, a heavier locali¬
zation of Golgi was evident in the vacuolar and peripheral
region of the notochord (Fig. 21). When 96 hr embryos were
examined, the controls showed a moderate amount of Golgi
in the vacuolated cells (Figs. 22,23). The peripheral cells
stained so intensely in some regions that the border of the
notochord-sheath-mesenchyme was difficult to discern.
Figures 24-26 show sections through the notochord-mesenchyme
areas of embryos that had.received 0.5, 0.6, and 0.9 cc of
LACA, respectively. The staining appeared to shift from the
periphery (0.5 cc), to all notochordal areas (0.6, 0.8 cc),
to a peripheral distribution (0.9 cc). An intense staining
Fig. 15. Cross section of 48 hr control embryo
(through spinal chord and notochord).
Note Golgi apparatus in cells of noto¬
chord (arrow). 20 X).
Fig. 16. Sagittal section of 48 hr control. (Arrow
indicates Golgi apparatus at the sheath of
notochord. 10 X.)
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Fig. 17. Cross section through notochord of 48 hr
0.6 cc LACA-treated embryo (showing Golgi
apparatus located at center and periphery
(g). Arrows show Golgi apparatus in
connected form; the surface of notochord
is dark. 10 X).
Fig. 18. Sagittal section of 48 hr 0.9 cc LACA-
treated embryo (showing little or no Golgi
in notochord. (a-arrow). Golgi is
observed at the sheath and outside noto¬
chord. 10 X).
 
Fig. 19. Cross section of 72 hr control. (Arrow (e)
indicates Golgi at the sheath, inside the
notochord, arrow (a) and also in the
mesenchymal region, arrow (d). 20 X).
Fig. 20. Sagittal section of 72 hr control. (Arrows
indicating Golgi apparatus in the center of
the notochord and also at the sheath of the
notochord. 20 X).
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Fig. 21. Sagittal section of 72 hr 0.9 cc LACA-
treated embryo (showing Golgi apparatus
(arrow) and at the sheath of notochord
generally little Golgi in notochord, but
more Golgi outside notochord. 20 X).
Fig. 22. Cross section of 96 hr control. (Note
Golgi complex inside notochord (a-arrow)
and Golgi at the sheath of the notochord
(d-arrow). 20 X).
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Fig. 23. Sagittal section of 96 hr control. (Note
compact Golgi apparatus at the periphery
of notochord, (a-b arrows). Thick area
indicating the extrusion of collagen at the
sheath of notochord (c-arrow). 20 X).
Fig. 24. Tangential section of 96 hr 0.5 cc LACA-
treated embryo (showing Golgi staining (a)
outside and next to notochord and also the
sheath of the notochord (arrows). 20 X).
33
Fig. 25. Sagittal section of 96 hr 0.6 cc LACA-
treated embryo (showing Golgi apparatus
inside notochord (b-arrow) and dark areas
inside the notochord and at the sheath of
the notochord show staining (c and d arrows,
respectively). 20 X).
Fig. 26. Cross section of 96 hr 0. 8 cc LACA-treated
embryo (showing a Golgi apparatus inside
notochord (a-arrow), Golgi apparatus, at the
sheath of notochord (e-arrow) and Golgi
apparatus (d-arrow). 20 X).
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was evident in the mesenchyme. In 5-day-old control
embryos (Fig. 27), there is a preponderance of silver
staining in the peripheral notochordal cells. Yet, in
similar age embryos that had been injected with 0.9 cc of
the azetidine (Fig. 28), Golgi was evident in the inner
vacuolated cells as well as the peripheral ones.
The integrity of the developing notochordal sheath
was not maintained in those embryos receiving LACA (e.g..
Figs. 21,22). Too, there was disruption in the continuity
of the mesenchymal fibers in the regions surrounding the
notochord. The fibers of the notochordal sheath and those
in the mesenchymal area concentrated some of the silver
deposits.
Fig. 27. Sagittal section of 5-day-old control.
(a-arrow indicates generally thick area at
the sheath of notochord. Note Golgi
complex inside notochord (d and f arrows).
40 X).
Fig. 28. Sagittal section of 5-day-old 0.9 cc LACA-
treated embryo (showing Golgi granules
(a-arrow), generally inside the sheath of




L-azetidine-2-carboxylic acid (LACA) has been used
widely by numerous investigators to study its affect on
collagen synthesis and subsequent release into the extra¬
cellular environment. Its effects on growth phenomena
have also been noted. The current studies point to several
malformations in chicken embryos resulting from the expo¬
sure of such embryos to LACA. Too, cytological studies of
silver impregnation staining for the Golgi apparatus indi¬
cate some possible involvement of this analog of proline
in cellular secretion.
Aydelotte and Kochhav'C 1972) demonstrated that LACA
adversely affected collagen synthesis and caused alteration
in limb bud morphogenesis and skeletal rigidity. Our find¬
ings are supportive of theirs, even though ours were in vivo
and theirs in vitro. Several of the LACA-treated embryos
showed inhibition of limb bud growth and a high level of
fragility in the body structure. Too, in several cases the
vertebral axis appeared completely twisted. Added support
comes from the observations of O'Dell (1966) that LACA
caused limb bone rudiments and the mandibular cartilage to
become bent and very soft.
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One of the principal malformations observed in this
study was dwarfism in LACA exposed embryos. While growth
retardation was characteristic of the whole embryos, often
certain parts were stunted and the rest of the embryo was
normal. That LACA can serve to inhibit growth processes may
have been predicted from studies on Escherichia coli where
this substance was shown to inhibit the growth phase
(Takeuchi and Prockop, 1969).
Coulombre and Coulombre (1971) injected azetidine into
the chorioallantoic vein of 5-day-old chick embryos. They
observed bloody patches under the epithelium. A rather
common characteristic of LACA-treated embryos in the present
investigation was hemorrhaging. This malformation was
usually found in the visceral and cervical regions. Oc¬
casionally some occurred in the limb bud area and rump.
Dancewicz and Altman (1967) incubated 9-day-old granu¬
lomas with LACA and observed that the activity of this
tissue was inhibited. When the concentration of LACA was
increased, there was total cessation of activity. This
suggested to them that the compound was interfering with
collagen synthesis. The finding in our studies of feather
inhibition by LACA may be'due primarily to an inhibition of
collagen at some point (that is, in synthesis or release
into the extracellular environment). These kinds of results
suggest an involvement of the Golgi apparatus.
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Control embryos that were stained by silver impregna¬
tion methods for the demonstration of Golgi. In the noto¬
chordal cells the stain was rather evident in the peri¬
pheral cells. At all stages studied, the periphery and
adjacent collagenous sheath and mesenchyme concentrated
the stain, thereby indicating an accumulation of Golgi in
the cells and staining of collagen fibrils in the sheath.
The LACA treated embryos showed a shifting distribution of
Golgi in the notochordal cells. Initially, in the younger
stages, that inner vacuolated cells concentrated the stain,
with only sparse staining of the periphery. Later the inner
cells became sparsely stained and the peripheral ones showed
an intense accumulation of the silver. At times some
previously stained areas subsequently did not stain positively
any longer.
The Golgi is involved, or has been suggested to be so,
in the final stages of secretion (Satir, 1975). A protein
like collagen would be synthesized on the ribosomes and
transported through the canaliculi of the endoplasmic reti¬
culum to the Golgi membrane stacks. As the substance accumu¬
lated in the stacks, vesicles would form in which collagen
was concentrated and would move to the cell membrane where
fusion and subsequent lysis would occur. As a result the
collagen would be released to the extracellular environment.
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Schneider and Kuff (1954) have already demonstrated enzymes
in the Golgi apparatus.
Coulombre and Coulombre (1972) reported that when LACA
was administered to chicken embryos and they were prepared
for histological examination, that initially the Golgi did
not concentrate silver stain. Subsequently the Golgi did
become impregnated with silver procedures. They suggested
that an action of LACA was to prevent collagen release
from the cell, thereby resulting in an accumulation within
the Golgi. The initial negative staining may have been due
to a lack of significant accumulations. When sufficient
storage in the vesicles and/or "stack" had occurred, the
Golgi could concentrate silver stains.
The question as to whether the notochord makes collagen
\ r-O
may find support for these studies. If the staining of the
Golgi does in fact relate to collagen accumulations since it
cannot be released under LACA influence, the presence of
intense Golgi staining by notochordal cells would suggest a
direct involvement of the notochord in collagen formation.
After all, the sheath around the notochord is collagenous.
CHAPTER VI
SUMMARY AND CONCLUSIONS
1. Injections of L-azetidine-2-carboxylic acid (LACA),
0.9 cc of 1 mg/ml, were given to experimental chick
embryos after they were incubated for 24 hr.
2. The gross visible effects which followed were shortened
limb-buds, dwarfism, brain protrusion, hemorrhaging in
viscera, twisted vertebral axis, suppression of feather
formation, and abdominal edema.
3. The LACA-treated embryos from 1-4 days old did not
show as extensive malformations as the 6-19-day olds.
4. Histologically, in the LACA-treated embryos, there was
a preponderance in the staining for Golgi, as compared
to the control ones, in inner cells and the sheath of
the notochord.
5. From this study the conclusion is warranted that LACA
causes malformations in chick embryos and also affects
distribution in staining. However, the mechanisms
undertaken to cause these malformations in chick embryos
will have to await further investigations..
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